Contents

1 Introduction .. ..o i i e e 1
Jorg Dérr, Matthias Nachtmann, Christiun Linke, John Crawford, Knut Ehlers,
Frederike Balzer, Markus Gandorfer, Andreas Gabriel, Johanna Pfeiffer,

Olivia Spykman, Beat Vinzent, Mathias Olbrisch and Ines Hiirtel

1.1 Motivationand Overview ... ... ... . 3
11T MOtIVaAtION .. e 3
1.1.2  Rationale for This Handbook and SCope. ......oooiii i 5
1.1.3 0 Overview on Comtents .. ..ottt e 6
1.14  Information for Reading This Book........c.oo oo 8
1.2 Today’s Farming Practice—Challengesand Options......................oooo 9
1,21 Chal enges. ..ottt e e 9
L0 20 O o' o) -3 12
123 Conclusionsand Outlook ... i i 16
1.3 Sustainability Systems Perspective ............. .. 17
1.3.1  UN Sustainability Goals and Dimensions .................. i 18
1.4 Agriculture and the Environment: Where Are We Headed?

AGermanCase Study...... ... 22
1471 INtrodUCHION L oo 23
1.42  Agriculturally Relevant Environmental Targets. .........cooiiiiiiiiiniiiiniin . 24
143  Conclusion and QUHOOK . ..o e 29
1.5 Adoption and Acceptance of Digital Farming Technologies in Germany .......... 30
151 INOGUCHION L. 30
1.5.2  Adoption and ACCEPIaNnCE .. .t e 30
1.5.3  Discussionand Conclusions. ... e 33
1.6 Agricultural Digital Policy.........c. 34
1.6.1  Enabler and Discursive Reference Point for the Digital Transformation.............. 34
1.6.2  Global Policy Level: Transnational Multi-Stakeholder Governance................... 35
1.6.3  EU Policy Level: Supranational Impetus for the Digital Transformation

Of AGIICUITUIE L. e 36
1.6.4  German Policy Level: Digitally Transformed Agriculture as a Cross-Cutting

Objective Across Ministries. . ... i 38
1.6.5 The Future: Federal Diversity and Multi-Level Integration........................... 39
1.7 Agricultural Digitaland Datalaw......................o i 40
1.7.1  Contexts of Agricultural Digital Law..............ooo 40
1.7.2  The Normative Framework: Right to Food and SDGS ........oooiviiiiiiiiii it 40
1.7.3  Agricultural Data Sovereignty and Agricultural Data Space ....................... 42
1.74  Self-Regulation—Code of Conduct as Private Softlaw....................ovi 43
1.7.5  Regulated Self-Regulation: Non-Personal Data.................coo i 45
1.76  Privacy According to the EU General Data Protection Regulation.................... 46
1.7.7  Artificial Intelligence: Security Law and Liability Law ................ ..ol 48
1.7.8  Further Fields of Law. ..o vt e 50
17.9  OUHOOK. oo 51

3y 1) £ 1 T R A 51

Bibliografische Informationen HE
http://d-nb.info/1241414653 digitalisiert durch IONAL
‘B IOTHE


http://d-nb.info/1241414653

Xil

2.1

2.11
2.1.2
2.13
2.1.4
2.1.5
2.1.6
2.2

2.2.1
222
2.23

224
2.3

231
232
233
234
23.5
236
24

241
2.4.2
243
244
245
25

251
2.5.2
253
254
26

2.6.1
2,6.2

263
2.6.4

Contents

Framework for the Digital Transformation of the Agricultural

BCosystem . .. 59
Carsten Gerhardt, Stefanie Broring, Otio Strecker,

Michael Wustmans, Débora Moretti, Peter Breunig, Leo Pichon,

Gordon Miiller-Seitz and Borris Forster

From Farm to Fork and Back: History and Roadmap of Digital Farming ........... 61
INtrodUCHION L ... 61
View on the Agriculture Industry Overall............... .o 62
The Roots of Digital Farming. ... ..ot i e 64
Implications for the Industry: From Product to Service .................ooooiiii.... 67
Digital will Change the Face of Farming.............ooooiiiiiiiiiiii 68
QOutlook: From Farm to Fork and Back 70
Beyond Digitalization: Major Trends Impacting the AgFood System

of the FUtUIe. ... ..o 71
INTrOdUCHION ... e 71
Innovation is Multi-Systemic—Main Disruptions from Farm to Fork. ... 72
Focus: Digital Disruption and Its Implications for Involved Agribusiness

L0701 o - 1113 75
Concluding QUESTIONS ... ottt e et e 78
Economic Benefit Quantification............. ... ... 79
INtrodUCHION L. 79
Fundamentals of Economic Value Creation ..........c.ooviiiiiiii i 79
Cost Structure Fundamentats of Digital Solutions and Economic Benefit.. 82
Limitations of Economic Benefit Quantification for Decision Making ................ 84
Example for Economic Benefit Quantification ............. ..ot 85
Summary and Outlook. ... ..o i e 86
Successfully Disseminating Digital Tools for Farmers: A French Perspective. ...... 86
INErOdUCHION .. 86
Material and Method. ... . i e 87
RIS . e e 88
DS CUSSION L. 90
CONCIUSION. L 91
Business Model Innovation and Business Model Canvas........................... 91
Statementof the Problem .. ... 92
Business Model Innovation as a Distinct Form of Innovation ........................ 93
Business Model Innovation in Practice—The Business Model Canvas................ 93
Reflections on the (Mis-)Use of the Business Model Canvas and Conclusions......... 97
Accelerators & Partnerships: Anticipating the Unknown is Hard:

An Experience Report . ... ... 97
INErOQUCHION L .ot e 98
Understanding and Managing Direct and Indirect Impact on Success—

Borrowing from Physics and Finance . ..... ... i 99
The Current State of Technology in the Food Value Chain 102

Looking Ahead: From Stand-Alone Programs to Multi-Corporate
INNOVatiON Platforms. ..o e e e e 104
ReferenCes. ..o i 106



Contents

3.1

ER N
3.1.2
3.1.3
3.1.4

3.15
3.1.6
3.2

3.21
3.2.2
3.23
33

3341
3.3.2
333
334
3.35
34

3.4
3.4.2

343
3.44
3.5

3.5
3.52
3.53
3.54
3.55
3.56
3.57
358
36

3.6.1
3.6.2
3.63
364

Technology Perspective ....... ... i
Thomas Herlitzius, Patrick Noack, Jan Spéth, Roland Barth,

Sjaak Wolfert, Ansgar Bernardi, Ralph Traphoner, Daniel Martini,

Martin Kunisch, Matthias Trapp, Roland Kubiak, Djamal Guerniche,

Daniel Eberz-Eder, Julius Weimper and Katrin Jukob

Efficient Systems Engineering for Automation and Autonomous Machines .. .....
INErOdUCHION L. e et e
Characteristics of Agricultural Machinery Development.................oooiii.
Mechanization and Automation as Drivers of Productivity onthe Farm .............
Paradigm Shift from “Bigger, Faster, Wider” to Sustainability, Robotics,

AN AUTONOMY ettt ettt e e
Challenges of AULONOMOUS SYStEMS .. ...t u ittt e e e
Summary and QUtIook. .. ... e
Precision Farming . ... ... . i i e
Introduction and History. .. ..o e e
TN O OgY . s
ADPICAtIONS e
Safe Object Detection. ... ... ..o i i e
INIrOdUCHION L e e

Challenges in Safe Surround SENSING .......ooviiiin i e e
Solutions for Safe Object Detection .. .....cviiiii i i
Conclusion and OUHIOOK .. ... oo
Interoperability and Ecosystems ... ... ..ottt s
INTrOdUCHION e e e e
A Reference Architecture for Integrated Open Platforms and Key Components

for Interoperability .. .....oi i s
A Lean, Multi-Actor Approach for Ecosystem Development.................oon...
Conclusions and Future Development . ... ... .. i i
Artificial Intelligence . ... .. . e
Alin the Agriculture ConteXt. . ..o .t e e e
Capturing the Environment. ... .. e e
Data Exchange and Shared Understanding ..........c.cooiiiiiiiiiii i,
Interpretation, Analysis, and Decision SUPPOrt.......c..ovviviiiiiiiin i,
Getting Smarter: Machine Learning ...
Artificially Intelligent Robots. . ...
ECONOmMICS Of Al ..o e e e



XV

37

3.7
3.7.2
373
3.7.4
3.8

3.8.1
38.2
3.83
3.84
3.8.5

4.1

414
4.1.2
413
4.1.4
415
4.16
4.1.7
418
4.2

421
422
423
424
43

431
432
433
434

435
436
44

4.4.1
4.4.2

Contents

The Role of Geo-Based Data and Farm-Specific Integration: Usage of

a Resilient Infrastructure in Rhineland-Palatinate, Germany.......................
INEFOGUCHION .« .ottt e e e e
OVBIVIBW .o\ttt et et e e et ettt e e e e et
Site-Specific Resilient and Climatic SmartFarming ...t
The GBI as an Example for Infrastructural Resilience.................oooii
Technology Outlook. ... . ..o e
F 0o e ¥ Tt (o Y2 1
Key Enablers for Digital Agriculture ... ... i
Autonomous Machinery for Tomorrow’s Agriculture.............oooiiiiet
Digital Twin: The Farmer as a Factory Manager...............ooiiiiiiiiii s
Democratization of Agricuiture Through Digitalization ............. ...
R OrENCES. ...t
Agronomy Perspective ... . ...

Jorg Migende, Johannes Sonnen, Sebastiun Schauff, Julian Schill,

Alexa Mayer-Bosse, Theo Leeb, Josef Stangl, Volker Stécklin, Stefan Kiefer,
Gottfried Pessl, Sebastian Blank, Ignatz Wendling, Sebastian Terlunen,
Heike Zeller, Martin Herchenbach, Fabio Ziemflen and Wolf C. Goertz

The Development of Agricultural Distributors into Solution Providers:

Who is Helping Farms to Successfully Apply Smart Farming?......................
Status of the Use of Digital Technologies ...y
Reasons for the Limited Use of Smart Farming Technologies by Farmers............
Common Features of these Obstacles.......coooiiii i
The Term “SolUtION . ety
Overcoming the Obstacles. ... ... . i
Who Can Help to Overcome the Obstacles? ...... ...,
From Product Seller to Solution Provider..........ooii i
Summary and QUHOOK . . ..o .o
Cross-Manufacturer Data Exchange Interoperability as a Basis for

Efficient Data Managementin Agriculture ...
Fe Lgeys ST i o)1 W O
Technology Development—History, important Actors and Current Projects ........
Market Development—Current STatus . ... eiiii i
Conclusion and QULIOOK . ... oir it e
E-Commerce and LOGIStics .. .....c.ooiiiiiiiiii i
Types of Digital Distribution Channels ...
Differentiation Strategy of ag.supply. ..o
Requirements for the Online Trade of Agricultural Input Goods .....................
Effects of Digital Distribution Channels on Agricultural Contribution

Margin ACCOUNTING. ... oottt ettt e e e e
Sustainability Effects of Digital Distribution Channels................ooo
[0 TUT 3o Yo S
The Digital Eco-System of Sustainable Farming: Agricultural

Insurance asaGlue . ... ... it
T aNage e (BT o] T RSP

When Agricuitural Insurance is Parameterized, Their Digital Loss
Assessments Result in Immediate Pay-Outs ...... ...

195



Contents

443
444
445
4,46
4.47
4.5
4,51
452
453
454
4.5.5
4,56
457
4.6
4.6.1
4.6.2
4.6.3
4.6.4
4.6.5
466
4.6.7
4.7
4.7.1
4.7.2
4.7.3
474
4.7.5
4.8
4.8.1
482
483
484
4.9
4.9.1
4.9.2
493
494
495
4.9.6
4.10

4.10.1
4.10.2
4.10.3

4,104

Typical Insurance Covers Along the Agricultural Supply Chain ...................... 216
Insurance as a Glue in a Digital Ecosystem of Sustainable Farming.................. 217
Digitally Enabled Risk Analysis and Mitigation—Farming Risk Profiles............... 218
Enabling More Sustainable Production: Risk Profilesas Ally ........................ 218
CONCIUSTON. et e e e

Soil and Seed Management
INErOQUCHION . ..o

Methods of Soil Management. ... . ...t ittt 220
Increasing the Performance of Soil...... ..o i 221
The Role of Crop ROTatioN. .. ...ttt e e i e 222
The Impact of Climate Change . .......i it i e 222

Seed Management
QUL 00K, e e e e s

Nutrient Supply: From Whole Fields to Individual Plants .......................... 226
Introduction to Metering and Spreading ..ottt 226
Determination of Machine Settings
GPS-Based AUtomation SYstems .. ... ..ot ir i e e

Field-Zone-Specific Nutrient identification and Supply...........coooiiiiii i, 229
Pneumatic Fertilizer Spreaders. ... ... i e 230
Organic Fertilization .. ... i e 231
Conclusion and Outlook ... i 232
Crop Protection: Diverse Solutions Ensure Maximum Efficiency................... 233
More Than 50 Years of Modern Piant Protection Technology................... ... 233
How Did the Plant Protection Technology Commonly Used Today Come About? ... 233
Which Progress can be Expected inthe Next5Years? .......ooiieieniiinienin.s 235
What are the Long-Term Prospects 2025-20307. .. ... ir et 239
Conclusion: Future Crop Protection will be More Specific and Diverse .............. 240
Weatherand Irrigation....... ... . i 241
IRErOdUCHION L. e e 241
Current Status and Tool Kits Availability for Mitigation of Risks for Farmers ......... 242
Key Components and Technologies Presently Available............................. 243
FULUrE DV OpM Nt . o et e e e e 245
Harvest Sensing and Sensor Data Management....................cooiiiiinn... 246

Introduction ................. ...
Vehicle-Based Sensing Systems
Remote Sensing SUPPOIt. . ...

Data Quality Management (Post Correction) ..........oeuuiiiiiniiiiiiainniinnn... 250
AUTOMATION. L. ot et e e e e 251
Outlook: Ubiquitous Sensing and the Autonomy Challenge...................... .. 252

Direct Agricultural Marketing and the Importance of Software: it's not
Possible Without Digitalization! Which Software Solutions Help to Digitalize

the Administrative Work Steps of Direct Agricultural Marketing?.................. 253
Direct Agricultural Marketing—Blessing or Curse? .........oiiiiiiiiiiiiiiieiin... 253
The Evolution of Direct Agricultural Marketing...........oiviiiiiii e, 254
Current Software Solutions for the Digitalization of Administrative Work

Steps in Direct Agricultural Marketing...........o.. oo 256

Future Developments of Direct Agricuitural Marketing.............................. 257



XVi

4.1

4111
4.11.2
4.11.3
4.11.4
4.11.5
4.11.6
4.12

4121
4122
4.12.3
4124
4125
4.12.6
4.12.7
4.13

4.13.1
4.13.2
4133
4.13.4

5.1

5.1
5.1.2
5.1.3
5.1.4
5.1.5
5.1.6
5.1.7
52

5.2.1
522
523
524
5.25
5.26
527
53

531
53.2

Contents

Challenges and Success Factors on the Way to Digital Agricultural

Direct Marketing: “We Do Not Need aHomepage”............................o.. 258
IETOBUCHION « oottt e e et e e e 259
Status Quo of Direct Marketing ...... e e 259
Challenges of Digital Direct Marketing ... 260
Success Factors of Digital Direct Marketing ... 260
COVID-19 and the Digitalization .............. .. it 262
L0 T2 T V37 Y 263
Digitalizationin the Food Industry....... ..ot iiiiiiiiiiii e 263
How Digitalization is Changing Food Sales..................oiiiiii e 263
More Transparency: Close to the Customer and YetFarAway...................ooe 264
“Direct to Consumer”: Not New, but Different...................ool 264
E-Food Startups: New Models, Processes, and Infrastructure ........................ 265
New Distribution Channels: “Tiny Stores, Dark Stores, Ghost Stores” ................ 265
Agile Approach: Learning from the Start-ups and Joiningin......................... 266
The Digital Path to "B2B2C" ... ..o e 266
Artificial Intelligence and Sustainable Crop Planning: Better Planning

and Less Waste Through Digital Optimization.............................o 267
Artificial Intelligence—Mystery or Helpful Tool................oo i 267
Why Don't You just Go Sustainable? ............ ..o 268
Thinking Vegetable Production and Al Together...................i 268
Lo TR (U130 o VR P 271
= =Y =1 1 ot =X P 271
Farming System Perspective...... ..o 277

Tom Green, Emmanuelle Gourdain, Géraldine Hirschy, Mehdi Sine, Martin Geyer,
Norbert Laun, Manuela Zude-Sasse, Dominik Durner, Christian Koch,
Noura Rhemouga, Julian Schill, Christian Bitter and Jan Reinier de Jong

Arrival of Digital Ag at Scale: The Farming Perspective............................ 280
Background and CONTEXT . .....ouiriot it e e e 280
WAL S N W Lottt et e et e e e e e 281
HOW oM . ittt e et et e e 281
o LA 1 =3 74 PPN 282
LT Yo N V=Y O G 284
Where's the Cateh? .o .. i e e 285
[0 17 4o 1< 286
The Digital Revolution, a Performance Accelerator from a French Perspective:

The Issues and a Panorama of Possibilities for French Cereal Crops................ 286
10y 00 e 11 w1 To) 1 U PP 286
(0] 01 £7- P R 288
T2l o ] S 289
Analyze and DeCide. .. ...ouvivrin i 291
Y 292
Impact of Digital Agriculture on the Multi- Performance of Farms ................... 293
CONCIUSION. ot ettt e et et e e e 294
Digital Transformation of Vegetable Production......................n 295
Seedling Cultivation and Planting. ... 296
L ] 722 T 1 P O S 297



Contents

533
534
535
536
537
538
5.4

5.4.1
54.2
543
544
545
5.5

5.5.1
5.5.2
553
554
5.5.5
55.6
557
558
5.6

5.6.1
56.2
5.6.3
5.6.4
57

5.7.1
5.7.2
573
58

5.8.1
582
583

6.1

6.1.1
6.1.2
6.1.3
6.2

6.2.1
6.2.2

Plant Protection and Irrigation....... ... ..o i 297
Gt .ot e 298
Weed CONtrol. . ..o e et 298
Harvest L 298
PrOCESSING ..ot eee 300
OULIOOK. oo e 302
Digital Transformation of Fruit Production ...................... ... ... 302
Challenges in the Supply Chain of Fresh Fruit............ ... ..o 302
IPFgatioN. ..o 302
CropLoad Management .. ....oooiiniiii i e s 304
Fruit Quality Post-Harvest. .. ... o e e e 306
CONCIUSIONS. . .o e e 306
Digital Transformation in the Wine Business..................... ... ... oo, 307
Innovation Versus Tradition. ... ....ovounntiirt i i 307
The Wine Value Chain. ... ..o e 308
The Potential of the Vineyard . ... e 308
Wine as the Role Model for an Authentic and Sustainable Agricultural Product .. ... 309
From the Wine Value Chain to an Operational Network .................coonal. 310
Challenges in CommuUNICatIoN .. ...ttt it e 310
Digital Transformation in the Wine Business ....................oiiiiiiiiinn, 31
CONCIUSION. L e 315
Transparency of Animal Welfare Through Digitalization: A Dairy

Farming Example of “Hofgut Neumuhle”............... ... ... i 315
Dairy Farming in Germany ...... ...t e 316
Legal Basis......oouii e 318
Automation in Dairy Farming ... ... 318
UL 00K, e e 323
German Farmers Perspective on Digitalization ............... ... ... ... 323
Cross Farm ComParisOn. . ... ittt et e e ettt 323
Field-Specific Open Data. ... ooi ettt e 327
CONCIUSION. ..o e 329
A Farm Case Study from the Netherlands ............. .. ... ... ... ... ... ... 329
The Arable Farm of the FamilyDeJong ... i 330
Precision AQriCUITUIE. ... .t e e et e 332
BRI L e e e 333
ReferenCes. ..o e 334
Sustainability Perspective..................... 341

Jorg Dorr, Keith A. Wheeler, Murkus Frank, Friedhelm Taube,
Klaus Erdle and Isabel Roth
Role of Multi-Stakeholder Organizations in Digital Sustainable

Agriculture Transformation. ......... ..o 343
INtrOdUCHION ..o e 343
DS CUSSION & ..ttt e e e e 345
CONCIUSION. L e e 348
Digitalization Towards a More Sustainable AgFood Value Chain................... 350
Setting the Stage: Sustainable and Resilient Agriculture .......... ...t 350

Sustainability Assessment and Management Systems.................c.ooo 351



Xvill

6.2.3

6.24
6.2.5
6.3

6.3.1
6.3.2
6.3.3
6.3.4

6.3.5
6.3.6

6.3.7

6.3.8
6.4

6.4.1
6.4.2
6.4.3
644
6.4.5
6.5

6.5.1
6.5.2
6.53
6.5.4

7.1
7.2

Contents

Case Studies for Effective Interoperability of FMIS and Sustainability

ASSESSIMENT ..
Value Creation Through New Business Models...................ooi il
Bringing Sustainability to Life—The Role of Digitalization...........................
From Ecological Intensification to Hybrid Agriculture—The Future

Domainof Digital Farming ............ ... .o
INTrOdUCTION ..o e

Is an Ecological Intensification in Western Europe Justifiable in View of
the Global Hunger Problem? ... ...

Implementation of Ecological Intensification Through Hybrid Agriculture

and Public Goods Boni? .. ...
CONCIUSION. L. e
Digitization as Co-Designer for Cropping Systems: Technology

Shapes Cropping Systems, NowandinFuture .............................coool s
Mechanization and Its Excesses on Farming..........ccoooiiiiiiiiiiiiieeiieiiinn.n,
Precision and Efficiency, the Evil Twins............o i i
Back to Reality . ..o ittt e
Digitization for Initiating Promising Cropping Concepts ..........coovvveeiiinnnn...
CONCIUSION. . .

The Carbon Cycle and Its Interaction with the Nitrogen Cycle.......................
Carbon Sequestration in Agricultural Soils—A Synopsis. ...........cooveveiiiinnn...
Digitization as Key Enabler of Carbon Trading in Agriculture........................
CONCIUSION. L. e
R OTONCES . .o e

U313 T T o O N
Jorg Dorr and Matthias Nachtmann

Key Insights from the ExpertsViews .............. . i
Remaining Challenges and Vision for the Future of the Digital

Agricultural Ecosystem ... ..

Supplementary Information
€1 [o 31 o A

360

362



